This paper investigates the time-series dynamics of the sensitivities of stock returns as to three Japanese representative automobile industry firms to the changes of the yen/US dollars exchange rates. Further, we also empirically examine whether the yen/US dollars exchange rates are priced in the Japanese automobile industry firms. We are particularly interested in the period after the US Lehman Shock in this study. Our formal statistical tests firstly demonstrate that recently, the sensitivities of the Japanese automobile industry stocks to the yen/US dollars exchange rates clearly increased. Moreover, the results of our traditional regressions clearly indicate that as to the representative automobile industry firms in Japan, the yen/US dollars exchange rate changes are generally priced in the Japanese equity markets, and their degrees of pricing are highest in the period after the US Lehman Shock.
Introduction
The time-varying exchange rates are the crucial risks for investors in financial markets and the relationships between the dynamics of exchange rates and stock returns were often argued. On this topic, several interesting researches were conducted, for example, by Bartram (2007) , Bodnar and Gentry (1993) , Du and Hu (2012) , Dumas and Solnik (1995) , Glen and Jorion (1993) , He and Ng (1998) , Korajczyk and Claude (1992) , Patro et al. (2002) , Williamson (2001) , and Verdelhan(2010) .
In this paper, differently from the viewpoints of the above preceding studies, we particularly focus on the period after the US Lehman Shock. In addition, we also originally focus on the Japanese automobile industry, which is one of the Japanese export-oriented industries. This is because after the US Lehman Shock, the Japanese yen highly appreciated against the US dollars, and thus this environment in money and financial markets would negatively affect the profitability of the Japanese export-oriented industry firms, such as Toyota, Honda, and Nissan. Furthermore, we do not know the existing research which focuses on the Japanese automobile industry's exchange rate risks after the US Lehman Shock period. Therefore, the first objective in this paper is to empirically examine whether exchange rate changes are priced in the Japanese automobile industry firms in the periods around the US Lehman Shock. Furthermore, our second objective in this paper is to investigate whether the exchange rate sensitivities of stock returns of the Japanese automobile industry firms increased in the period after the US Lehman Shock. Again, these viewpoints are different from those in the preceding studies and these are interesting and valuable new characteristics of this research.
The rest of this paper is organized as follows. First, Section 2 describes our data set, and Section 3 explains our research design, Section 4 demonstrates our empirical evidence, and Section 5 concludes the paper.
Data
The raw data used in our analyses are obtained from QUICK Corp., and the full sample period in this study is from January 1990 to June 2012. For our empirical studies, we compute some variables. The notations of the variables we constructed for this study are as follows. First, DEF denotes the default spreads (credit-spreads) in the Japanese financial markets, TERM is the term spreads in Japan, IP denotes the log base percentage changes of the seasonally adjusted industry productions in Japan, CPI is the percentage growth rates of the Japanese consumer price index, MVOL denotes the historical stock market returns' volatilities in Japan, and ΔEX is the changes of the yen/US dollars exchange rates.
Furthermore, we computed the sensitivities of three Japanese representative automobile industry's companies' stock returns to the changes of the yen/US dollars exchange rates. These time-series dynamics are displayed in Panels A to C in Figure 1 . Explaining three companies' names, 'Toyota' denotes Toyota Motor Corporation, 'Nissan' denotes Nissan Motor Co., Ltd., and 'Honda' denotes Honda Motor Co., Ltd. According to Figure 1 , we understand that recently, exchange rate sensitivities of stock returns of these three companies clearly increased.
Research Design
In order to design our empirical examinations in this paper, we divide our full sample period into five sub-periods. Namely, we set the first sub-period as the term from January 1990 to August 1994; the second sub-period as the term from September 1994 to April 1999; the third sub-period as the term from May 1999 to December 2003; the fourth sub-period as the term from January 2004 to September 2008; the latest sub-period as the term from October 2008 to June 2012. After setting the sub-periods as above, for three Japanese automobile companies and for all five sub-periods, we perform two kinds of regressions by referring to the arbitrage pricing model (Ross (1976) ). More specifically, our model 1 and model 2 are as follows. , , 1 , .
, .
Where RET i,t denotes each company's stock return. As exhibited in Tables 1 to 5 , we perform regressions by using the above models 1 and 2. We note that our focus in our regressions is on the statistical significance and signs of the coefficients of the variable, ΔEX. Further, in these tests by regressions, we are particularly interested in the recent sub-sample period after the US Lehman Shock.
Furthermore, our next statistical tests are those by using the Welch's t-tests. In the tests, by using the historical sensitivities of stock returns of the Japanese automobile industry firms to the yen/US dollars exchange rates, we investigate whether the exchange rate sensitivities of these firms increased after the period of the US Lehman Shock.
Empirical Results
This section describes our empirical results. More concretely, we show our results of regressions in Tables 1 to 5 . Because 'Toyota', 'Nissan', and 'Honda' are all Japanese export-oriented industry firms, exchange rate changes are generally priced in our models 1 and 2. However, the statistical significance of the coefficients of ΔEX is extremely strong in Table 5 , which shows the results of the period after the US Lehman Shock. Therefore, from our regression tests, we understand that, for the Japanese representative automobile industry firms, the exchange rate changes are most priced in the period after the Lehman Shock in the US.
Next, Vol. 7, No. 24; 2012 80 equity returns to the yen-US dollars exchange rates are always higher in the period after the Lehman Shock in the US than those in other four periods. Therefore, our second empirical tests by using the Welch's t-tests statistically significantly mean that after the US Lehman Shock, Japanese yen highly appreciated and the equity returns of three Japanese representative automobile firms decreased. 
Notes:
We test the pricing of exchange rate changes in the automobile industry firms in Japan. More concretely, the above results are on the Japanese representative automobile industry firms, Toyota, Nissan, and Honda. With regard to companies' names, more exactly, 'Toyota' denotes Toyota Motor Corporation, 'Nissan' denotes Nissan Motor Co., Ltd., and 'Honda' denotes Honda Motor Co., Ltd. Further, in the table, Adj. R 2 denotes the adjusted R-squared values and Obs. means the number of samples in our time-series regressions. As to the statistical significance of the coefficients of the variables in regressions, *** denotes the statistical significance at the 1% level, ** denotes the statistical significance at the 5% level, and * denotes the statistical significance at the 10% level, respectively. Moreover, when we perform all our time-series regressions, we use the method of Newey-West (1987) , thus both t-values and p-values are robust to the heteroskedasticity and autocorrelation of the error terms of regressions. Furthermore, with respect to the variables in our regressions, first, DEF denotes the Japanese default spreads (credit-spreads), TERM is the Japanese term spreads, IP denotes the log base percentage changes of the seasonally adjusted industry productions in Japan, CPI is the percentage growth rates of the Japanese consumer price index, MVOL denotes the historical stock market returns' volatilities in Japan, and ΔEX is the changes of the yen/US dollars exchange rates. For each company, we test two types of regressions. As to our regression formulas, first, model 1 includes each company's stock return as the dependent variable, and includes the constant term and ΔEX as the explanatory variables. Further, model 2 includes each company's stock return as the dependent variable, and includes the constant term and all six explanatory variables of DEF, TERM, IP, CPI, MVOL, and ΔEX as the explanatory variables.
www.ccsenet.org/ijbm International Journal of Business and Management Vol. 7, No. 24; 2012 
www.ccsenet.org/ijbm
International Journal of Business and Management Vol. 7, No. 24; 2012 
Notes:
www.ccsenet.org/ijbm
Notes:
www.ccsenet.org/ijbm
Notes:
We test the pricing of exchange rate changes in the automobile industry firms in Japan. More concretely, the above results are on the Japanese representative automobile industry firms, Toyota, Nissan, and Honda. With regard to companies' names, more exactly, 'Toyota' denotes Toyota Motor Corporation, 'Nissan' denotes Nissan Motor Co., Ltd., and 'Honda' denotes Honda Motor Co., Ltd. Further, in the table, Adj. R 2 denotes the adjusted R-squared values and Obs. means the number of samples in our time-series regressions. As to the statistical significance of the coefficients of the variables in regressions, *** denotes the statistical significance at the 1% level, ** denotes the statistical significance at the 5% level, and * denotes the statistical significance at the 10% level, respectively. Moreover, when we perform all our time-series regressions, we use the method of Newey-West (1987) , thus both t-values and p-values are robust to the heteroskedasticity and autocorrelation of the error terms of regressions. Furthermore, with respect to the variables in our regressions, first, DEF denotes the Japanese default spreads (credit-spreads), TERM is the Japanese term spreads, IP denotes the log base percentage changes of the seasonally adjusted industry productions in Japan, CPI is the percentage growth rates of the Japanese consumer price index, MVOL denotes the historical stock market returns' volatilities in Japan, and ΔEX is the changes of the yen/US dollars exchange rates. For each company, we test two types of regressions. As to our regression formulas, first, model 1 includes each company's stock return as the dependent variable, and includes the constant term and ΔEX as the explanatory variables. Further, model 2 includes each company's stock return as the dependent variable, and includes the constant term and all six explanatory variables of DEF, TERM, IP, CPI, MVOL, and ΔEX as the explanatory variables. Notes: 'Toyota' denotes Toyota Motor Corporation, 'Nissan' denotes Nissan Motor Co., Ltd., and 'Honda' denotes Honda Motor Co., Ltd. In panel A, 'Mean' denotes the mean values of 36 month historical sensitivities of stock returns to the yen/US dollars exchange rates. Further, 'SD' means the standard deviations of 36 month historical sensitivities of stock returns to the yen/US dollars exchange rates. In panels B to E, *** denotes the statistical significance at the 1% level, ** denotes the statistical significance at the 5% level, and * denotes the statistical significance at the 10% level, respectively.
Conclusions
This paper empirically examined the yen/US dollars exchange rate sensitivities of three representative automobile industry firms in Japan. Our clear and robust contributions in this paper are as follows.
that, in general, the yen/US dollars exchange rate dynamics are statistically significantly priced with positive signs in the equity markets in Japan. Further, in the period after the US Lehman Shock, as to the Japanese representative automobile industry firms, the yen/US dollars exchange rate changes are most strongly priced with positive signs in the Japanese stock markets.
 Second, our formal statistical tests revealed that in the period after the US Lehman Shock, the yen/US dollars exchange rate sensitivities of three representative automobile industry firms in Japan are the highest. Thus after the US Lehman Shock, the Japanese representative automobile industry firms' exchange rate sensitivities clearly increased.
As our empirical studies demonstrated, in order to further deepen our knowledge regarding the (in)efficient financial markets, in particular, after the US Lehman Shock, related future international researches by using international data shall be valuable. Further investigations of financial crisis and financial markets based on some financial theory or models shall be also our future works.
